hibit flexibility with respect to the rigid core. Surprisingly, similar studies on the a ( 1-3) arm of 'bisected' sugars from rabbit IgG (see below) and sialylated oligosaccharides isolated from bovine prothrombin (D. L. Fernandes, unpublished work) which contain a GalB(1-3)GlcNAc linkage in the outer chains show similar NOE effects when compared to the 'complex' oligosaccharide from human serotransferrin or non-bisected oligosaccharide obtained from rabbit IgG. This suggests that in biantennary 'complex' structures the a ( 1-3) antenna as well as the mannosyl-chitobiosyl core may exist in a well-defined conformation.
Further n.m.r. studies indicate that the a(l-6) arm of the un-bisected carbohydrate enjoys considerably greater flexibility than that of the bisected structure. Although no NOE's have been detected between the a(1-6) arms and the mannosylchitobiosyl cores of the carbohydrates examined a selective line broadening of the anomeric resonance of the Man(4') residue occurs in the presence of a bisected GlcNAc (S. W. Homans, unpublished work). Our preliminary interpretation of this broadening is that either the Man(4') anomeric proton is in chemical exchange or is experiencing an alteration in the dipolar interaction as a result of an increased number of interacting protons; the most likely sources of such perturbation would be protons of the mannosyl-chitobiosyl core and of the bisecting GlcNAc. The structural significance of this is presently under investigation.
The rabbit species is unique in that IgG sub-classes have not been detected. Examination of the Fc-derived oligosaccharide chains should therefore reflect structural requirements for CH2-C,2 cross-domain architecture. It was therefore surprising to find the presence of four mannosyl-chitobiosyl cores on rabbit IgG and extensive outer-chain heterogeneity. In addition, despite the degree of carbohydrate heterogeneity, single crystals of rabbit Fc have carbohydrate profiles identical with those of pooled Fc fragments. This 'lack' of selective crystallization of immunoglobulin molecules having identical oligosaccharide chains suggests that the specific oligosaccharide sequence has little role in maintaining a unique protein conformation. Immunoglobulins derived from species (human, rat, mouse and bovine) which have multiple sub-classes also have outer-chain and core variations. Experiments are currently in progress to determine if any of these structures are sub-class restricted and whether or not rabbit utilizes carbohydrate diversity to generate functionally-distinct sub-classes.
Recent X-ray crystallographic data on human Fc fragments suggest that the a(l-6) arms are involved in carbohydrateprotein interactions while a(1-3) arms are involved in carbohydrate-carbohydrate interactions (Deisenhofer, 198 1) . Our NOE data expand upon this result and suggest that the mannosyl-chitobiosyl core and the a(1-3) arm exist in a well-defined continuous unit. In our limited series of a oligosaccharide structures examined the relative orientation of the a(1-3) arm is invariant. Conversely, the a(l-6) arm varies from relative freedom of internal interactions to semi-rigid structures. The a(l-6) arm may therefore play a crucial role in maintaining unique structural variants which serve as recognition units in glycoproteins.
Finally, the presence of core variants and outer-chain microheterogeneity in rabbic Fc-derived oligosaccharides would appear to preclude any form of specific interaction of the sugar on one C,2 domain with either the contiguous protein or the adjacent carbohydrate on the opposite C,2 domain. However, based upon our analysis of the molar ratios of oligosaccharide species present on Fc, n.m.r. of oligosaccharides in free solution, model building and available X-ray crystallographic data on both rabbit and human Fc carbohydrates, it is our hypothesis that the Fc unit has dissimilar oligosaccharides specifically paired such that the structural requirements of the proteincarbohydrate and carbohydrate-carbohydrate interaction can be maintained. Experiments are currently in progress to determine the validity of this hypothesis.
The authors wish to thank Professor Sir David Phillips (Oxford) for providing Fc crystals used in his X-ray structure analysis. T. W. R. Conformation of the glycoprotein glycans of the N-acetyl-lactosaminic type (complex type) JEAN MONTREUIL and the only image we had of this kind of structure was Universite' des Sciences et Techniques de Lille I, Laboratoire de speculative because it was obtained by using molecular models.
Chimie Biologique et Laboratoire Associk au C.N.R.S. no. 21 7, Only one type of glycoprotein had been studied by X-ray F-59655, Villeneuve d'Ascq-Cedex, France diffraction: the Fc-fragment of IgG,* (Huber, 1976; Silverton et al., 1977; Deisenhofer, 19810,b) . Until recently, the conformation of N-glycosylprotein glycans
The first image to be given of a glycan 
5'
4' * Abbreviation used: IgG, immunoglobulin G.
601st MEETING, ABERDEEN
In creating the possible hydrogen bonds, I proposed a Y-conformation. This structure could be divided into two parts: the first one is compact and is constituted of the pentasaccharide inner-core linked to the peptide chain; the second one is looser and made up of the terminal neuraminyl-N-acetyl-lactosamine. It is proposed that these structures be called antennae because of their morphology, their flexibility and their property of being recognition signals.
Little by little, this structure has been refined and modified against experimental data. For example, on the basis of X-ray diffraction studies, the T-conformation was proposed Montreuil, 1980a Montreuil, , 1982 . In fact, the X-ray diffractlon pattern of crystals of the trisaccharide mads 1-3)Man(B14)GlcNAc showed that the (al-3) Man residue was disposed almost perpendicularly to the plane of the flat trisaccharide Man(j?14)GlcNAc(Bl4)GlcNAc (Warin et al., 1979) .
More recently, I suggested (Montreuil, 1980a (Montreuil, ,b, 1982 another conformation: the bird-conformation (Fig. la) obtained by a large rotation around the a-1,6-linked mannose residues on the basis of the following experimental results.
1. Recently, Gallot and co-workers (Douy 8c Gallot, 1980; Douy et al., 1980) synthesized amphipatic block polymers by coupling ovomucoid glycopeptides with the hydrophobic poly-(y-benzyl-L-glutamate) peptide block. The copolymers obtained, studied by freeze-fracture electron microscopy and by lowangle X-ray scattering, exhibit lamellar structure, the dimensions and the conformation of which have been determined. Three classes (L,, L, and L,) of compounds have been characterized, depending on the molecular weight of the polypeptide block and on the concentration of the copolymers in solution. The structure L, is in a btd-conformation.
2. At the same time, S. Perez and V. Warin (personal communication) , in collaboration with our laboratory, used computer calculations to examine which structures are sterically feasible and which conformation is energetically the most favourable. The program was based on the crystallographic data of GlcNAc(B14)Asn (Ohanessian et al., 1980) , Gal(B1-4)GlcNAc (Longchambon et al., 1981) and Man(a1-3)Man(B14)GlcNAc (Warin et al., 1979) and on compilation data related to the B-1,2 and 8-1,6 linkages. The preferred conformation of the asialoglycan of human serum transferrin was the bird-conformation.
3. Stereo-views recently presented by Deisenhofer (1 98 1 b) of the spatial conformation determined by X-ray diffraction at 0.29 nm resolution of Fc-glycosylated fragment obtained from human IgG showed the glycan in a bird-conformation, which thus seems to be the three-dimensional structure adopted by glycans in the solid state.
Y-, T-or bird-conformation? We cannot choose because the three forms are probably interconvertible in solution. In fact as demonstrated by , depending on the molecular weight of the polypeptide block and on the concentration of this latter, the conjugated carbohydrate chain adopts a bird-, a T-or a Y-shaped conformation; (molecular weights higher than 7000 and high Concentration favouring the bird-confarmation). Thus, glycan structures should not be regarded as fixed conformations, because they present points of flexibility leading to a relative mobility of antennae, particularly round 1,6-linkages. The existence of such an internal degree of rotation in space of the antennae has been demonstrated by an e.p.r. study carried out with di-and tri-antennary glycans spin-labelled on their sialic acid or galactose residues (Davoust et al., 198 I) . Spin-spin interactions originating from a collison effect between probes have been demonstrated.
Of course, the bird-conformation seems to be far from the concept of glycan activing as recognition signal. and the Y-conformation seems to be more satisfactory. In fact, several years ago, one believed that the lectins (phytoagglutinins as well as membrane lectins) were able to recognize and to bind only (1) and in the C-3 position of GlcNAc(5') and with a desialylated Gal(6') residue. The arrow indicates the confluence of four methyl groups. (c) Aerial view of a tetra-antennary glycan in the umbrella-conformation, Numbers correspond to the numbering of antennae used in Fig. 2. monosaccharide residues in the terminal non-reducing position and the Y-conformation was in a good agreement with this concept. We now know that lectins, as well as antibodies, could recognize and bind 'laterally' and not 'terminally' mono-and oligosaccharides in an internal position. So, we can imagine that concanavalin A recognizes the G l c N A c (~l -2~M a n ( a 1 -3 or -6) residues of the transferrin glycan (see above). Moreover, the bird structure is the most suitable from the glycan biosynthesis point of view because all the glycosylable hydroxyl groups are perfectly accessible to glycosyltransferases, as shown in Fig. l(a) : substitution in the C-4 position of the /kmannose(3) by an additional GlcNAc residue (intersecting GlcNAc), substitution in the C,-and C,-position of Man (4) and (49, respectively, leading to tetraantennary glycans (Fig. 2) , and substitution in the C-6 position of GlcNAc (1) and in the C-3 position of GlcNAc (5) or ( 5 ' ) by fucose residues. In this latter case the glycan structure becomes compact and four methyl groups [two from GlcNAc(2) and ( 5 ' ) residues; two from the fucose residues] become confluent and can interact and link by hydrophobic bonds, leading to the formation of a highly hydrophobic area (arrow marked in Fig. 26 ), explaining the inactivity of a-fucosidases and of endo-N-acetyl-/kDglucosaminidases from Basidiomyces (Bouquelet et al., 1980) towards this kind of structure. On the basis of the bird-conformation of a biantennary glycan, the construction of the molecular model of a tetraantennary structure (Fig. 2) leads to the aerial view of Fig. l(c) , which I propose to call the 'umbrella-conformation' (Montreuil, 1980b (Montreuil, , 1982 .
Considering these pictures, a question arises: what are the dimensions and the surface of such glycans in comparison with those of the protein moiety? In the case of the human serum transferrin the dimensions of the biantennary glycan, determined by measuring the molecular model itself, by questioning the computer and by using the data of Douy et al. (1980) , are as follows: length 5.5nm, height 2.4nm, thickness OSnm, area 2.75 nm2. Thus, the two glycans residues cover a relatively large area of the protein moiety (9.5 x 6.0 x 5.0nm). In the case of a,-acid glycoprotein, because of the presence of five glycan moieties which are essentially of the tri-and tetraantennary type, the protein is almost completely enveloped by the glycans, due to the fact that each of them, in adoDtinn an umbrellaconformation, covers an area of about 20nm2. Thus the resistance of certain glycoproteins towards proteinases and their weak antigenicity could be explained by glycans acting as protective shields towards the protein moiety.
